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FOREWORD

This interim report, ''Mathematical Model of a Flexible Space Shuttle
Vehicle,'" describes the development of a mathematical model suitable for
controller design. The model was prepared under Contract NAS8-25708,
"Controller Design Technology for the Space Shuttle Vehicle," for the
National Aeronautics and Space Administration, George C. Marshall Space
Flight Center.

Dr. S. W. Winder of the Dynamics and Control Division of the Aero-Astro-
dynamics Laboratory served as technical monitor for the contract. The

study was performed in the Research Department of the Systems and Research
Division of Honeywell Inc. Dr. E. E. Yore served as program manager.

Dr. C. A. Harvey was the principal investigator. Mr. T. Yam performed
the necessary computer programming and associated numerical analyses.
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SECTION I
INTRODUCTION AND SUMMARY

This report describes the development of a mathematical model of the lateral
motion of a flexible space shuttle vehicle during ascent. The model was
developed to perform control system synthesis using stochastic constrained
optimization techniques. The goals of the control system synthesis are to
demonstrate the applicability of the techniques and to discover any problems
peculiar to the flexible nature of a shuttle vehicle.

The equations of motion are derived in Section II. A brief description of the
generation of numerical data is given in Section III. Appendixes contain
explicit definitions and numerical values of trajectory data and coefficients
appearing in the equations of motion. :

The "piggy-back'' configuration of the Shuttle was assumed for this study.
The North American Rockwell phase B study vehicle identified as the 161C-
B9U served as the specific example represented numerically. Linearized
equations of motion are derived based on a nominal trajectory for which
angle of attack was constrained to be zero. Quantitative data for this tra-
jectory are given in Appendix D. Aerodynamics associated with flexure was
computed based on slender-body theory and the assumption of no interference
between the orbiter and booster. The adoption of this assumption was based
on a private communication with aerodynamicists at General Dynamics,
Convair, in which they stated that comparison of wind tunnel data using this
assumption was good. A modal representation is assumed for gust penetra-
tion. The gust disturbances are modeled as a stochastic process.

Three further asumptions were made in developing the model. The first
assumption dealt with ordering flexure modes consistently along the trajectory.
It was judged that two flexure mode frequencies crossed each other during the
interval from maximum dynamic pressure to burn-out. Flexure data at
additional points would be required for verification of this assumption. The
second assumption concerns inclusion of 'local" aerodynamic terms. These
terms result from assuming that local normal velocity is the cross-flow
velocity. Fortunately, these terms were found to be numerically insignificant
so that effort to verify this assumption was not warranted. The final assumption
was the incorporation of a gimbal logic. This particular logic provides for the
two gimbals of each of the 12 engines to be driven by two command signals.
The two commands yield uncoupled roll and yaw moments.



Numerical data for the trajectory, rigid body dynamics, and structural flex-
ure at five mass loadings served as the starting point for generation of the
numerical model. In addition to the purely numerical tasks of integration
and interpolation, the numerical model generation required significant
"bookkeeping'' to assure proper identification and consistent dimensions.
Finally, "debugging" of the numerical data was required. This debugging
task seems to lack a formal methodology. Particular techniques used in this
study are briefly described along with the data generation description in
Section III.

From a modeling point of view, the number and distribution of mass points

for which flexure data were available was insufficient. The question of con-
sistent mode ordering could not be completely resolved and significant sub-
jective judgment was required for interpolation. From a controller design
point of view the flexure data were also lacking. The first mass point cor-
responds to greater than liftoff weight, and the second point corresponds to
occurrence of maximum dynamic pressure on the nominal trajectory, At

least one intermediate point would be desirable, However, the model de-
veloped subject to these limitations is believed to be sufficiently representative
for controller synthesis study.



SECTION II
EQUATIONS OF MOTION

Equations are derived for the lateral motion of a flexible space shuttle
vehicle during ascent. Two independent assumptions made in the derivation
are (1) aerodynamic forces on the orbiter and booster are independent of each
other and may be computed using slender-body theory (References 1 and 2),
and (2) side gust penetration may be represented in terms of three ""'mode
shapes'. The rolling gust is "'distributed" over the wing chord with a single
mode.

We begin with a discussion of relevant coordinate systems. Then we describe
our flexure representation. Linearized equations of motion are then derived
using slender-body theory to represent aerodynamic forces.

COORDINATE SYSTEMS

Two body-coordinate systems shown in Figure 1 will be used in this derivation.
The (x1,¥4,2,) coordinate frame (1-frame) is the No. 1 coordinate system
used in thé structural mode computer listing provided. The (xg, yg, zg) co-
ordinate frame (B-frame) is a conventionally oriented aircraft body coordinate
system with origin at the center of mass, which is located at (x1, 0, Z;)in

the 1-frame. The vector r(t; xq, ¥y zl) depicts the vector from the origin

of the earth coordinate system to the point with coordinates (xq, ¥q- Zl) in

the 1-frame. As in Reference 3, a pitch (0), roll (¢), yaw (V) system of
Euler angles is used to relate the B-frame to the earth frame. Thus, B-frame
1;;.se vectors (1B, ig kB) are related to earth-frame base vectors (1e, Jer ke)

(cOcy + sOspsy) (cocyd) (-sOcy + cOspsy) i

B e
JB | = |(-cOsy +s6spcd) (cocy) (sOs¥ + cOspcy) i
kg (s6cd) (-59) (cOcd) k,

Note that iB =i dg =y and kB = —kl.

The rate of angular rotation, w, of the B-frame relative to the earth frame is:

w=pig+qjg trky



F Xy, Yy, 2y

Figure 1, Vehicle Geometry and Coordinate Frames

The rates p, q, and r are related to 6, é&, and IP by:

P ¥ (co)sy) 0] [d7] [o cy sy 0] [p
al = |-s¥ (colc¥) 0| |6 |B]| = |(s¥/ed) (c¥W/c®) O] [q
r 0 -s¢ 1 Y Ly (tang)(s¥) (tang)(cy) 1 r

The velocity of the center of mass with respect to the earth frame is:

d oy _ o .
E(r) =uipg +V]B +ka
where # = r(t; 0, 0, 0) - Xy iB - 21 kB. It will be assumed that u, w, and q

are not disturbed from their nominalvalues of u,» W, and q,. Also the nomi-
nal values of v, ¢ and ¥ are zero.



FLEXURE REPRESENTATION

The flexure is represented by a set of natural vibration modes determined
from a stick model of the mated vehicles. These modes are defined as lateral
oscillations of center lines of the orbiter and booster. The reference center
line of the booster is the x4 axis. The orbiter reference center line is the line
zy = 210, ¥1 = 0. Thus, the mode shapes are given as functions Y; (x4, z )
défining normalized deflection of the points (xy, 0’ Zl) on the centéer linesto

the points [xl, Y1 (Xl’ Zl)’ 21] for discrete values of x4 and the two values of
0 and z, for z;. Smooth functions Y,(x,, z4) with respect to x; and partials

of Yq(xq, Zl) with respect to x; as needed are generated with spline fits to
the discrete data. The total flexure is then represented by:

Yt %;52¢) =73ni (t) Y, (%1, 24)

where 7, (t) denotes the magnitude of the deflection of the i-th mode. A
typical mode shape is sketched in Figure 2.

/ / y4 Z ——

e = X

M - . /l L\ W
Tan Yi (Xllo) Yi(xl '0)

Figure 2.. A Mode Shape

The normal modes of vibration and their corresponding frequencies are func-
tions of the mass distribution and structural stiffness of the vehicles. The
mass distribution changes as fuel is expended and hence is a function of time
along the trajectory. Thus, in fact, the mode shapes are functions of time
although we suppress this dependence on t in all of our notation. The mode
shapes are considered as "slowly varying' with time. This requirement
brings about the need for special consideration of consistent ordering of the
modes and uniform normalization of each mode shape all along the trajectory.



The flexure data provided for this study consists of modal frequencies and
normalized displacements at a finite set of vehicle stations computed for the
161C-B9U using NASTRAN* for five distinct mass distributions. These
mass distributions correspond to approximate times of liftoff, burnout, and
intermediate times along the trajectory of 70, 90, and 110 seconds after 1ift-
off. The model consisted of 29 grid points, 27 connecting bars, 18 concentra-
ted masses, and two scalar spring connections.

Although common grid points and structural properties were used, the modal
data (frequencies and mode shapes) were computed independently for each
mass distribution. In each case the NASTRAN output orders modes by
increasing frequency, and the mode shapes are normalized such that the
maximum displacement is of unity magnitude.

The lowest four frequencies are shown in Figure 3 for the five mass distri-
butions considered. We are faced with the task of constructing four curves
which represent the frequencies as functions of the mass loadings. The lowest
and highest frequencies present no apparent problems. However, there is

some question for the middle two frequencies, especially for M3 =M SM4.

That is, there is reasonable doubt as to the correct connections of the points
A and B with C and D. The modal masses corresponding to these two sets of
frequencies are shown in Figure 4. This appears to be of little help in deter-
mining the proper connections. Thus, we turn to the corresponding mode
shapes. These are shown in Figures 5 to 8. For completeness, the mode
shapes for the lowest and highest frequencies are shown in Figures 9 and 10.
The mode shape corresponding to point D appears to be much more likely a
successor to point A than point B. So the connections from A to D and from
B to C were made. To be certain of the proper connection, data for inter-
mediate mass loadings would be required.

Figures 5 and 8 show normalized shapes of what we call the same mode. But
the point on the vehicle at which the shapes are normalized is the orbiter nose
for the first four mass loadings and is the nose of the booster at the fifth mass
loading. The normalization was changed so that this mode shape had a unit
displacement at the nose of the orbiter for all mass loadings. In this way the
corresponding n (t) may be interpreted directly as displacement of the orbiter
nose in units which are constant along the trajectory. Similar normalization
of the other modes was made where necessary.

""NASTRAN is a general-purpose digital computer program designed to
analyze the behavior of elastic structures under a range of 1oading

conditions using a finite-element displacem ent method approach.’
Reference 6.
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Normalized deflection

1.0 4

o Orbiter deflection
a Booster deflection

Mode shape at mass = 5.2 x 106 ib.
——— Mode shape at mass = 3.9 x 106 Ib.

------ Mode shape at mass = 3.6 x 106 Ib.

——==" Mode shape at mass = 3.2 x 106 ib.

-0.5 4

Figure 5. Second Mode Shapes at First Four Mass Points
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a Booster deflection
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Figure 6,

Third Mode Shapes at First Four Mass Points
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Normalized deflection

Figure 9,

° Orbiter deflection
a Booster deflection
Made shape at mass = 5.2 x 106 Ib.

— .— Mode shape at mass = 3.9 x 106 Ibh.

— == Mode shape at mass = 3.6 x 106 ib.
-—— -~ Mode shape at mass = 3.2 x 106 Ib.

— "~ Mode shape at mass = 1.3 x 106 Ib.

First Mode at Five Mass Points
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Normalized deflection

é=p-Q01P,

.

34
\. ©  Orbiter deflection

\ o Booster deflection

"\ T Mode shape at mass = 5.2 x 106 Ib.
=== Mode shape at mass = 3.9 x 106 Ib.

“ """ Mode shape at mass = 3.6 x 106 Ib.
===~ Mode shape at mass = 3.2 x 106 Ib.

\ ~-=—- Mode shape at mass = 1)3 x 106 Ib.
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Figure 10, Fourth Mode at Five Mass Points

LINEARIZED EQUATIONS OF MOTION

The linearized kinematic equations are:

1.'U=r+QO¢,$'e=v+uol//-wo¢

The side-force equation is:

N M
= Wlgcos 6_+¥ sin6 1 +jp -[El FTj +j§1 F5j + g JF pas]

13

(1)



Where FTj = thrust of the j-th engine, Faj = j-th control force, FA = local

aerodynamic pressure, and S denotes the surface of the vehicle.

- The j-th engine is located at (x15, ij, zEj) in the 1-frame. The thrust of

each engine is assumed to have magnitude, T/N and to be directed forward
parallel to the ""deflected" booster reference line, Variations due to gimbal
deflections are contained in the control forces. Thus,

I P '
FTj =N [lB ig EYi (x16, 0) ni]
The j-th control force is assumed to act at the point (Xé , y5 > 2§, ). With the

thrust and control forces acting at these specified point§s, the morlnevlt equations
about the xg and zp axes are:

— —

XX _Ixz P Ixz Iyy B Izz p 0
= QO + r
—IXZ IZZ r IXX - Iyy - Xz r M R
N JB(ZE._ Zl) +kBEYi(X15’O)ni
+ 2 F . J
j=1 T in(X, - x5 - io DY
B T X186’ T g~ Y;{xy4.00ny
M jB(ZG. - El) + kB EYi(Xﬁ.’ O)ni
+2 Fg ! ] 2)
j=1

i gty - xﬁj) - ig ZYi(XGJ.’O)ni

(zy - Zy)ig *y,kp

+s” &%y )ig - ¥,ip A% @

14



where M. R. denotes the inertial rate and jet damping term of Reference 3.

It is assumed that the xyz7 -plane is a plane of symmetry. The equations
for the mode deflections are*
. . 2 R .M
Mi('ni+0. 02wy, +w; ni) = ]B'j=1 FTj Yi(xlb’o) +ig .j§1F5jYi(x5j, 0)

+ Sfj’ ig * Fpds

The thrust contribution to Equation (3+i) will be neglected since the thrust
is assumed always to be normal to each of the mode shapes. The thrust
contribution to Equations (1), (2), and (3) are:

_ ’
T? Y; " (x5, 00y

N
T ’

-z

1)

- T§i3 [(x; - %) Y, " (x5, 0) + Y;(x; 5. O]y

The control force contributions to the equations are taken directly from
Reference 3 for Equations (1), (2), and (3). They are:

csc.  ba+T Yop |54 Yor |,
a8 Cy. a T p T r
g SB C Sa + T ’ L5p op + o 5 ﬂ
d Log T P\
L J
q néa a T p T r

%A structural damping term (O.Zwiﬁi) was arbitrarily hypothesized.

15
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(3a)

(1b)

(2b)

(3b)



In these equations 0a denotes aileron deflection. The quantities dp and Or
denote roll and yaw control gimbal deflections defined as follows. Each engine
is assumed to be gimbaled such that 5yj and sz represent positive rotations

of the j-th engine about axes parallel to the yg and zp axes which are centered
at (Xlé s Vg Zg ). The gimbal deflections of the j-th engine are defined as:
J i

O0y. = ¢ 0
Yj = Cyp, P

0z, = c .6p+cz Or

with

1
c = - - sgn(yE_) where sgn (0) = 0 and sgn (x) =X if x #0.
YP; 2 i X

Engines of the BSU are arranged as shown in Figure 11 in which the positive
xy] axis is directed out of the paper. The magnitudes of CZ»pj and c, are

T

constrained not to exceed unity. The values of the coefficients are determined
so that maximum rolling moment per unit p is to be produced subject to the
constraint that 6p produces no yawing moment about the velocity vector, and,
similarly, maximum yawing moment per unit 0r is to be produced subject to
the constraint that 0r produces no rolling moment about the velocity vector.

109 in. typical spacing for B9U

o
QOO .
9]0

®

]

O®
®

Figure 11, Engine/Vehicle Geometry
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The control force contribution to the mode deflection equation (3+i) is:

Yﬁp

Y
op + (__E' or [(3+)b]
T

The remaining contributions required are those from the aerodynamic force
Fp. It is assumed that the aerodynamic force may be partitioned into two
parts, one acting on the orbiter and one acting on the booster. This may be
expressed mathematically by setting

F,(t x, zl) =F_(t; Xl) 5(zl—z10) + F(t, x4) 5(z1)
with the definition thatffSF(t; x,z) 0(z - zo)dS =IL F(t; x, Zo) dx.

Slender-body theory yields the following expressions for the local aerodynamic
side forces per unit length:

. . TTq ’ 2 avo(xl’ t)
Fo(t, xl) g T3V 2Do(x1)D0 (Xl) Vo(xl,t) + DO (xl) T
+—1_D2 o) avo(xl,t)
Vv 0o Xl 3 t
- Bvb(xl,t)

. _Tq i 2 —_—
F(t,x)) * jg =37 2Db(x1)Db(x1)Vb(x1,t) + D (xq) ™

12 avo(xl,t)
Y0P x) T
1 ot

where Do(xl) is the cross-sectional dimension of the projection of the

orbiter onto the xlzl-plane and vo(xl,t) denotes the jB-component of the air

velocity with respect to the orbiter. Db(xl) and Vb(xl’ t) denote similar
quantities related to the booster. Thus,

= - (t: Ci o+
vo(xl,t) r(t; X{50, le) ig vw(t,xl)

vb(xl,t) = -r (t; Xy 0, 0) - jB +v (t, Xl)

17



The local cross-wind, vw(t, xl), is assumed to be independent of Zq and
represented by penetration states:

Ve (%) =i c,f; (x, )%, (t)
i=1
where
fl(X) = 1-exp(-2.3 x/L)
folx) = 1 - [1- fl(x)]cos (2mx/L)
fa(x) = f5(x) - [1 - f(x)] sin @nx /L)

and the x;(t) are states driven by the cross-wind at the nose of the vehicle.
That is: :

. Vv vW

x1 = _2'3f xl-v

: Vv Vw

x2‘ =1 (3.99x2 -6.29 Xg +2'30V
v

N A - - W

Xg = 1 (12.58 X 8.59 Xg 3.99 V)

with Vi = VW(t, XlN)‘ The choice of the cl's will be described later. The
wind v (t, XlN) is assumed to be (Reference 5).

vw(t, XlN) = v+oww
where
o 0 h W 1.378 * 1072
= _ : _ * + i] . . -6|In
% c5h c4h X 0.965 - 10 1

’

with c4 =1.9 - 10'4, cp = 1.44 - 10-8

standard deviation of the wind

altitude
1 unity white noise

o e
noon

18



The position vector, r(t; Xy, 0, Zl)’ is given by

r(t;x,, 0, Zl) = r(t;}’(l,O,Zl) + (}':1 - %q) ig + (.-zl - Zl)kB

..

where r(t; %, 0, z;) r(t)and r(t) = ujip +vig*+ w kg . Thus

r(t; x;,0, Zl) =u ip tvig +w kg +Zi) Yi(xl’ Zl) n,ig + (%, x1)1B
Yi(Xl, Zl)n i'

i Lt
(2172 )kg *ig 7

Using the relation (linearization being assumed)

. =1 .
ig [0 «r -Qo ip
al j o
.CT'E B = r 0 P JB
kB Qo -p O kB

leads to
[uo + (Zl-zl)Qo]lB

r(t; x,50, zl) =
+[v + (Sil-xl)r - (El;zl)p +Z/ Yi(xl’ zl)ﬁi]jB
1 B

+7|:Wo - (il—xl)QO] kn

Thus r(t; x,0,2) " jg FVH(x, -X)T “(zy-2)p +? pACIE N UN

and
Ll (5 x,,0,2)) il = ¥ + Gey-x)F - (3y-2)p +2 Y (xp, 2

The results may be combined to write:

19



A\ . = - :
—2TFB (t,x) - ig = 2Db(x)Db'(x)[—v - (xl—x)r +Zp -4? Yi(x, 0m;

mTq
3 . , 3
+25 cifi(x)xi] + Dy (x)r - 2 Y, (x,0)n, +.Z_> cifi'(x)xi]
i=1 i i=1
1 2 = . ) - 3 .
+37 Dy () v -(x-x)r + z,P - ?Yi(x, o), +E1 c, fi(X)xiJ

A similar expression can be written for the orbiter. These forces may be
entered into the integrands in Equations (1), (2), (3), and (3+i).

In this derivation, vb(x, t) and vo(x, t) do not contain the terms:

’ 2 !
u, - Yi (x.l,o)Tli and u iYi (xl, zlo)ﬂi.
These terms appear in Reference 2 and have been included in previous studies.

(References 4,5). This type of term would arise if the local normal velocity
is used in the definition of the cross-flow. That is, defining for the booster

— _alte ST o Dt
Vb(xl,t) 7(t; x,0,0) [JB ig 4 Y. (x,,0) ni] v,

and then consider (Z,Q,) negligible relative touy. Suchuy terms were
arbitrarily added fo]i‘ the booster and orbiter in the following expansion of
equations (1) - (3+i). These terms are underlined. Fortunately, the numerical
magnitudes of these terms did not significantly modify the system in the sense
that eigenvalues computed with the terms differed insignificantly from eigen-
values computed without these terms. Resolution of the correct treatment of
these terms was beyond the scope of this study.

The following form of Equations (1) - (3+i) were obtained by making the
appropriate substitutions and using integrals defined in Appendix A.
Equation (1) is:

W_H
i

3 -
H . . c.l, . . .x. +2, "
+ = |-
Il) v (12p+13r +E1 PIR G T ﬂi)

v -

4
- w_ Y - - : -
=p(W, = “2HI})) +rl-u 5 +H(I,-21;,)] - 2H I ,v +2 {i H (cos e -1)I

i=1 13+i

3

4
) +nlHu (1,210, - TY. (x45.0)] +izz31xiH ¢;(Iy g4i2150 4:)

21744 olo1+

i +q 0a +
+W(¢cos€o+lpsm90) qSCy(Sa a+T

where H = 4 and four flexure modes are included.
© 2V

20



Equation (2) is: 4
+2 M Tio4]

3
H, o _H L Hrp o S esXIan
(L, *+3 IggP - (I, - % L)r +5 [LV El i1787H 17y
= p(Q.I, +2H I,;) r[QO(Iyy- 27 " H(12-2I46)] +2HI v
> '
+1 . {n;Hlcos @ -1, 2150+1] NHu (I, + 2l
> oa + 1| 22) s
+ ch(I ) +q Sb C a+T P
1 62+ * 2lg5+i L5a T

N 4

L - ’
or T 2 (2. -2 2 Y. (x.500.
):|5r S R I M e A

Equation (3) is:
]

H Z} c.x, I +2 Tll | PO

(I, +v 10 37 [I v - i"i 69+ 72+

= plQ_(I L) - 2H Igl+rl-QI , +H(; -2 L)) -2HL, v
4

4 .
+ 'ﬂiH[(cos a - Dlggy; - 2 81+] +2n[Hu olgs+ * 2Ig94;)

i=1

3
- . |
- T(x,-%,5)¥; (%5,0) - TY;(x;5.00] + 2_1 x; Hey (gg.45 +21g6,0)

1
ﬁzar
T

N
+qSb C ba + (M.R.) r+ T _6P_5p+
Ny T

21



Equation (3+j) for j =1, 2, 3, 4 is:

4 - . .
i}'__')l [6iij +5 11(1,3)]"']i +5 [I4O+jp + I77+jr + 16+jv

3
-2 e.x.I,(i,j)]
1=1 & i2

=2p H 5o, + v Hlg,g - 21gy,0) - 2HV I, - M, [0. 0200

4 ., . .
+winl +2 i ;Hl(cos a - 1) L(i,3) - 21,(,j)]

i=1

+n, Hu I3, 5) +21(1, )1}

3 Y5 Ys
+2 xHe, [L6,)) +2 I6,)] + T Y.(x, 45 0 [—2|0p +[ —2X| or
. i i-"7 8 i1
i=1 T T
Some of the integrals in the above equations represent familiar terms.
For example,
_ Sb
1™+ 4
- _5b
I12 m CnB
. .8
13 "= CyB
with the center of mass being the moment reference points for CLB and CnB.
These integrals will be replaced by the wind tunnel data. Noting that for a
constant cross-wind input, say v, (t) = v_, the steadystate value of each of

the xi's is Vi and observing th:ﬁ in this case the wind input to Equations (1),
(2), and (3) are:
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3 v -\ 3
> = W [Tq
H2 % Loy *2Ipy) = ¥ ( 3 )1=21 ciygei T2 1394
v [2a) 3
W img
21 %% (6241 T 2lg54) v (2 El ci(Tgos; T 2Ig54y)
; -
LA | +2I.. )
le1 X0, (gg o +2Ts ) =< ‘2‘.;@1 ¢i'lgg+ *2lgg4y
= 1

we may satisfy correct steady state side-force, yawing, and rolling moment
inputs by choosing the cl's as solutions of:

-3
T4 (,...+2I...)c. =q SC
T i1 Lo+ T 2135440 =4 vg

- 3 =
7925 Ugga * 2lsei)es = a5 Gy
2 i=1

mq 3 -
_1 (193+'i + 2196+i)ci q Sb Cn
2 i=1 B

The c¢;'s will be so chosen with C_, , Cy,» and Cp ~ representing wind tunnel

B
data with the center of mass being the moment reference point.

The rolling gust is represented by (Reference 3)

+f

Py = 954,24 Pg *fag,3 M

where ng = unity white noise. The rolling gust is "distributied" by x4 over
the wing chord with steady-state values of X, and pg being identical. Thus,

=d x, +d

%4 T %3,23 %4 " 923,24 Pg

with d23 93 = d23 24" The state, x,, drives the vehicle in the same manner

as geometrlc roll rate p. Hence we may substitute p + Xy for p in the right
hand sides of Equations (1), (2), (3), (3+j).
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SECTION III
GENERATION OF NUMERICAL COEFFICIENTS

The equations of motion derived above may be viewed in vector form as
Cx = Dx + Eu+ Fd

where C, D, E, and F are matrices of appropriate dimensions and

x = [PV, 8,0,7, My, 0ps Nlgs Mgy Mg, Mg, Ny, Ty, BP, BT, 62, %%y, X,
x,w,x4,pg] !

u = [ul, u,, u3]’

d = [v, n,, n2]

These equations of motion describe perturbation about a nominal trajectory
which is assumed to be defined with time as the independent variable, Thus,
for a given trajectory, the matrices C, D, E, and F have continuously time-
varying elements. For controller synthesis, values of these elements were
computed at endpoints of five-second intervals along the nominal trajectory.
These data were then used to compute the coefficient matrices at the same
time points for the equations of motion in the form

X = Ax+B1u+B2v+B3n

with n = [nl, n2] ’ These coefficients, along with those for the response
equation

r = Hlx + Dlu
are listed in Appendix C., The manner in which these coefficients were com-
puted will now be summarized,

The original data consisted of a nominal trajectory, tabulated moments of
inertia and center of mass location at four mass points, tabulated rigid body
aero data such as C4p at 10 values of Mach number, and tabulated mode de-
flections at discrete points of the booster and orbiter for five mass points.
Values of the mass properties and rigid body aero data at intermediate points
corresponding to the "five-second" time points on the trajectory were ob-
tained by linear interpolation.
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Integrals over the vehicle as listed in Appendix A were computed using cubic
spline-fits (Reference 7) to the discrete representation of the mode shapes and
cross-sectional diameters. The integrals involving mode shapes or their
derivatives were evaluated at the five given mass points. The resulting inte-
grals were then spline-fit to give values at intermediate mass points corre-
sponding to the "five-second' time points. Similar spline-fits were used for
all other coefficients involving modal data. The five mass points provided
were a minimal number to base the fits on with expectations of confidence in
the resulting functions, The fits were quite sensitive to assumed end-point
slope conditions., Subjective judgment played a significant role in choosing
these conditions. Data for two more points, one near each of the end-points,
would have been quite useful in determining these boundary conditions.

After evaluating the necessary integrals, the coefficient matrices C, D, E,
and F and, in turn, A, B1, B2, and B3 were computed for the 43 time points:
0, 5, 10, ..., 210 seconds. At each of these time points, a sampled-data
version of the system was computed. The sample-data version is of the form
Xpe1 T Axk+B1 uk+B2 Vk+B3 n
where
A = exp [A(At)]

~

B, = A'I(A - I)B.
1 1

In the right-hand side of the last equation, A—1 (A - I) denotes the series
(AAt) . (Aab)? (Aat)™
At[1+ 51 + 37 .'.+G1+_1).! +...]

~ -~

The A, B; matrices were computed using the series representations and
truncatlng the series after including a sufficient number of terms to guaran-
tee convergence to at least three-digit accuracy. Controller synthesis and
analysis was performed using these coefficient matmces with linear inter-
polation for intermediate points.

Verification of the numerical model is an extremely difficult task. Three
specific techniques used in this study were examination of time-varying coef-
ficients for unusual algebraic signs, sign changes, and magnitude variations;
eigenvalue comparisons; and response examinations. The first method was
useful in finding errors resulting from some keypunch errors, certain alge-
braic errors in equation derivation or similar errors in programming, and
unreasonable effects of assumed slope conditions in spline-fits, The second
method consisted of comparing eigenvalues of the A matrix with known rigid
body characteristics of similar vehicles and with the uncoupled flexure char-
acteristics, This method proved useful in finding algebraic and programming
errors. The third method consisted of determining whether computed responses
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could reasonably be expected from the inputs used. This method led to dis-
covery of keypunch, algebraic, programming, and dimensional errors. Un-
fortunately, human errors do ocecur, and at this point model verification is a
tedious and somewhat unorganized task. Development of standard, objective,
and direct techniques for model verification would be of great benefit.
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The lower and upper limits of integration are x

APPENDIX A
TABLE OF INTEGRALS

following integrals,

13+i
17+1
21+i1

25+i

29+
32+i
36
37

37+i

40+i

[ [0 %) + D, %(x))ax
J [(El-zlo)Doz(X) + ilDbz(X)]dx
[ &,x) [Doz(x) + Db2(x)] dx

-[ £,69DD_%x) + D 2(x)] ax

[ 1,652, )D_%(0) + ¥, (x, 00D, 2(x)Jax

J U(z;-2,)D (x) D_ ") + 2, D, (x) D, *(x)] dx

J (x;-%) [D_(x) D_ “(x)+ D, (x) D, ' (x)] dx

J D ) D "(x) + D, (x) D, ‘(x)] dx

[ D,%x) ;! (x,2,0) + D, %) ¥, * (x,0)] dx

JIb, &) D) Y. (x, 210) + Dp(®) D "(x) Y. (x,0)] dx

n

[ [Doz(x) Y, "(x, Z,0) + Db2 (x) Y, ”(x,0)] dx

[ [D,(x)D ()Y, "(x, 2 ) + Dy (x) D, '(;5Yi (x,0)] dx

[1;') [0 %) + D, (0] ax

J £;(x) [D_(x) D_‘(x) + D (x) D, ‘(x)] dx
[ U@)-2,0° D %) + 2,
[ Gy D% (2,72, - 2, D, 2(0)] ax

Dbz(x)] dx

[ £ D %) (2,-2)) - 2, D, 20)] a

= [ [¥,60, 20D 2(0) (2 -2 ) - Y,(x, 0) 2,0, %(x)] dx

28

1N and X7 for each of the

1,2,3

1,2,3,4

1,2,3,4
1,2,3,4
1,2,3,4
1,2,3,4
1,2,3

1,2,3

1,2,3

1,2,3,4



45

46

50+
Logri

Isgyi

g0+

I65+i

Iso

Lsori

Iosi

Loq

Lot

Ig1+i
Ig54i

I89+i

I934i

I96+i

1,(1,3)= [[Y;(x,2y) Y4(x, zlo)Doz(X) + Y. (x, O)Yj(x,O)Dbz(x)] dx

46+i

[Uz,~2,,)* D (x) D, '(x) + z,° D (%) D, '(x)] dx

"

[z, g-2)Y, 65, 2,0) D2 (x) - 2, ¥, (%, 0) D, %(x)] dx

[ Gy%) [(z,-2,0) Do) D’ (x) + 2, Dy (x) D, ()] dx

i=1,2,3,4

= [lzy-2,) ¥;(x,2,0)D (x)D(x) - 2,Y,(x,0) D (x)D, “(x)] dx
i=1,2,3,4

= [ Uz y-2)Y,; ", 2, )D () D, "(x) - z,Y, "(x,0)D (x)Dy '(x

S[£,"60 Uzgq-2,) D200 - 7y Dy 0] dx

= [1,60l(z;4-2,) D () D x) - z; Dy (x) D, ‘(x)] dt
=[ (il - x)? [DOZ(X) + Dbz(X)] dx

- [ £,0 G, D 200 + D 2] aix

- [ &, [¥(x, 2, ) D 2(x) + Y;(x,0) D, %(x)] dx
= [&,-x)% [D (x) D %) + Dy (x) Dy, “(x)] dx

= [ &0 [¥,/(x,2,0) D 20 + ¥, '(x,0) D, %(x)] ax

= [ Gx;-%) [Y,(x, 2, ) D (x) D (%) + Y;(x, 0) Dy, (x)Dy,

= ‘f (il-x) [Yi "(x, le)Doz(x) +Y, f(x, O) Dbz(x)] dx

[tz y-2) ¥, "(x,2, Do %) - 2,Y; " (x,0) D, 0] dx  i=1,2,3,4
)ldx -

i=1,2,3,4

1

i

x)]dx

i

i

= f (i l-x) [Yi "(x, le)Do(x)DO)(x)+Yi'(x,O)Db(x)Db'(x)]dx i

= [ 1,0 Geyx) [D 260 + Dy *(0)) dx

= [1,60) (&;-%) D (x) D, (x) + Dy (x) Dy “(x)] dx

11, ) =ffi(X) [Yj(x, Z0) DOZ(X) + Yj(x,O)Dbz(X)] dx

29

i

i

Js 1
i

]

—

=

1,2,3

1,2,3

1,2,3

1,2,3,4

1,2,3,4

1,2,3,4
1,2,3,4
1,2,3,4
1,2,3

1,2,3

1,2,3,4

1,2,3
1,2,3,4



o ’ 2 ! x.0O)D X (lx
I (1’:]): I [Yi (X, Z]. )yJ(X, Z 0) D (X) + Yi (X, O) YJ( s ) b ( )]
3 0 1 i,j=1,2,3,4

1,3 = I [Yi(x’ ZIO)Yj(X’ 210'Po®)D, “x)+ Y.(x,0) Yj(x, O) Dy (x)D x)] dx
, i,j=1,2,3,4

1g(i, 9= [1¥; "5, 71) Y0, 2,000 %6 + Y, 06,00, 00D ()1 dx 1,5 = 1,2, 3, 4

710
11, §) = [y, (%, Z10) Yj(x, 210D )D, ' (x)+ ¥, '(x,0) Yix, O)Dy (x)D, "(x)] dx
i,j =1,2,3,4

16, 3) =J £ e0LY8, 2)0) D260 + ;6,00 D Px)] dx e
j=1,2,3,4

Igi,j)=[1,(x) [Yj(x,zlo)Do(x) D_ (x) + Yj(x, 0) Dy (x) Dy “(x)] dx 123,

j = 1,2,3,4
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APPENDIX B
EXPLICIT REPRESENTATION OF COEFFICIENT MATRICES

The equations of motion may be written in the form:
Cx = Dx + Eu + Fd

where C, D, E and F are matrices of appropriate dimensions

X = [p: r,v,o, lP,Y,ﬁl,’ﬂl,ﬁz»T\z: ﬁ3:'ﬂ3, ﬁ4.ﬂ4, op, 6r, aa,xl,xz,x3,x, U:x4:pg],
u = [ul,uz,u3]'

- < ’
d = [V,nl,nz‘_\

The matrices C, D, E, and F are actually quite sparse. In fact, the only
nonzero elements of E and F are: €15,1, €15,2, €17 3, f18 1. f19,1, f20, 1,
f91,2, f22,2, f24, 3. The matrix C has 17 rows and 14 colufuns of 4n identity
matrix, that is, éi- = 6ji fori# 1, 2, 3, 7, 9, 11, 13, and cjj =0 fori=1, 2,
3, 7, 9, 11, 13 an j=3, 5, 6, 8, 10, 12, 14, 15, 16, 17, 2?, 22, 23, 24,

In the D matrix there are four rows with a single nonzero element, namely:
dij = 5i(j+1) fori=28, 10, 12, 14, Major blocks of zeros in D are:

d;=0,1#3, 4, 5, 6; j=4,5, 6
dj; =0, 1< 18, j=21, 22, 24
dij=0,1=4, 5, 6, j>5
dij=0,1>14, j< 15

The lower right-hand (10 x 10) submatrix of D is nearly diagonal containing
only 17 nonzero elements. The nonzero elements of matrices C, D, E, and
F are defined explicitly as follows:

C = C

44~ ®55 " %66 = ®gg = ©10,10 = 12,12 = !
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C19 = Iy 37
!
i3 = v Iy
c =-EI'
1,5 + 2j V 140 + j,
-_H
CL17T+j5 TV
Ca1 T C12
- H
cog = L, + 5 Igg
s 8
co3 =y I3
.
€2, 5+2j ~ V 72 +],
I - S
€2,17 + j vV % “69
€31 % ©13
C3g = Ca3
S\ : §
c33 T g Tvh
H
C3,5+2j =V 6+j 3
=._I.I—C I
C3,17+j  V %5 347
:.I;I.I
€5+ 2i,1 V. 40 + i’
s R
C5 + 2i,2 V T2+ i
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_ H .
C54+2i,3 ~V g+ 11,2, 3,4

_ ) (R
= GijMi + 11(3,1), i,j=1, 2, 3, 4

€5 + 2i, 5+ 2j v

_ _H . s
C5+2i,17+j = v Cj 12(3,1), i=1,2,3,4; j=1,2,3

d QOIXZ +2H1I

11 45
dig = QO(Iyy -1, - H(I,-21,,)
_ aSb
diz = €,
B
d = Hu (I + 21 )-lY'(X O)g(z _-)._1234
1:6+2j o 54+J 58+J N J 16’ k=1 Ek zl »J=1,4,09,
L
- 0
4,15 ~ T('_T'E)
L
= Or
di,16 = T( T )
di,17 = a5k Cy
ba

[N
"

1,23 2HI45

[oN
]

91 = QL ) -2HIL,

0 XX yy 6

dyy = -Q,L, +H(I; - 2I..) + M.R.
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_ gSb
dyg v Cn
B
d2,5+2j = Hl(cos ao-l) I77.*.j - 2181+j] , 3=1,2,3,4
- ?
j=1,2,3,4
Nop
dg 95 = T T
N
or
dy 16 = T T )
dy 17 = @Sb cn(5
a
dy 174y = Hejlggyy ¥ 2ggey)s § = 1,23
dg 93 = ~2Hlg
- W | gSb
d3y _wo(g) \% CLB
B 4 PR 1
dgy = -uo(g + & an+ HI,
_ as
d3g = V¥ CyB
d34 = W cos 6
d35 = W sin 0
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dg 54pj = Hl(cos @ g4 20050, 1= 1.2,3,4
A gej = HUoUypuy* g, ) ~T Y, "(x g 0, j=1, 2, 3, 4
d3, 15 = T (%ﬂ)
d3,16 = T YT6r )
d3 1q = ascyaa
Ay, 1745 = Hojllpgy +20gp.0, §=1, 2, 3
d3,23 = - g"s,._b Ce
B
d,, =1
dgs = ~Q,
dgp = 1
d54 N Qo
dgg = 1
dgq = -w,
dg5 = Y
d542i,1 = ZHIg0,,. 121,2,3,4
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d = H(I - 21

5+2i, 2 6+i 81+i)’ i=1,2,3,4

= -2H1 , 1=1,2,3,4

dg.9i 3 17+

Aro: rio: o Ny ot g4 s
5+2i, 5+2j = H[ (cos a 1)13(3, i) 214(1, i)] - o. OZGijwiMi

i,j = 1,2,3,4

_ . . 2 oL
d = Huo[IS(J, i) + 216(3,1)] =00, M, i,j = 1,2,3,4

5421, 6+2j j

Y
= _bp i
dgyoi 15 = T Yi{xi4 0)( T ) i

1,2,3,4

Y
_ _or} . _
dgi9i 16 = T Yi{x15: 0 ( T ) i=1,2,3,4

d =ch[I7(j,i)+218(j,i)], i=1,2,3,4;j=1,2,3

5+2i, 174]

deyoi 23 = 95421

dys 15 = -31.6

dig.1g = -31.6

dyg, 17 = 710

dig 15 = -2-3V/L

dig,22 = (o, /V)d1g 14
wW

djg 19 = 3-99V/L
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d = -6.29 V/L

19,20
dg,7 = d19,9 = 912,11 = 914,13
dig,22 © '("vw/V)(dlg,lg *dig, 20
dyo, 19 = 12.58 V/L

dyo, 90 = -8-59 V/L

dyo,22 = '("vw/vxdzo,lg *dy0, 20
dyg 91 * h = altitude rate

dyy 99 * -1 [(0.95)% + (0.735)%7 1078
dyy 5, = -1.9h (107%

d23’23 = -2,3V/(r.c.)

433,24 = 923,23

d24,24 =.-m V/4b

€15,1 = “915,15

€16,2 = ~d16,16

€17,3 = 917,17
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f1g,1 = “91g,18/V

f19,1 = ~(d19,19 * 919,207V
fa0,1 = ~{da0,19 T 920,20)/v

2 2,1/2 -4
fo1,2 = fa2,2 { [(0.95)" +(0.735)"] /2 _1.9} 10

=102 Vign

f32.2

; ) no, [av rer 1/6
24,3 4b 5Lp 4b

The inertial rate and jet damping term appearing in d22 is:

- 2
) (5% * 15) 4 w.d
- 32.17 dt qt “zz®
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APPENDIX C
NUMERICAL VALUES OF COEFFICIENT MATRICES
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APPENDIX C
NUMERICAL VALUES OF COEFFICIENT MATRICES

In this appendix, the coefficients associated with the equations of motion are
displayed at five-second intervals, from 0 to 210 seconds. In Appendix B
the equations of motion were written in the form

Cx = Dx + Eu + Fd

Multiplying the equation by C -1, and separating d into two components, the
following standard state vector representation is obtained:

X = Ax+B1u+B2v+B3n (C1)
C™'D = A

B

0
t
n

1

@!
o
n

[Bz B3]

n = [nl,n2]
The response vector r is defined to be

r= [¢);°J y:&: 6p:-6p: Gr)'br, 63.,'6&, aB,aB, ay,é.y]

where

a8 =€;‘[v+cw+\7]

4 .
) - SR . N )
ay v + (x1 110)r (z1 40)p +iZ=)1 Yi(llo’zlomi ur - wp

-g(Ys6  + ¢090) + (5;1 - 110Q_p + (21 - 40)Qor

and
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o = standard deviation of wind

v = mean value of wind

{{1 = X coordinate of vehicle center of mass
'zl = 2, coordinate of vehicle center of mass

The response vector is related to the states, control and mean wind via the
following equation:

r = Hlx + Dlu + D2v (C2)

The structure of the state equations and response equations are displayed in
Table C1 and Table C2, respectively. The values of elements of the matrices
A, Bj1, Bg, B3z, Hj, D;, Dg are exhibited from 0 to 210 seconds at five-second
intervals in Tables C3 through C8. Elements which are equal to 0 will not be
displayed, and the elements which are constant are displayed separately first.
Numerical data was provided in English units. To reduce errors these units
were maintained.

a1 =1.0

a5’2 = 1.0

ag 3 = 1.0

ag 7 = 1.0

10,9 = 1.0

312,11 - 1.0

314,13 = 1.0

15 15 =<31.6 (1/sec)
316 16 = -31.6 (1/sec)
87 17 = -10.0 (1/sec)
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1.

1.

1.

31.6 (1/sec)

31.6 (1/sec)

10.0 (1/sec)

-31.6 (1/sec)

1.0

-31.6 (1/sec)

1.0

-10.0 (1/sec)
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d

10,3

31.6 (1/sec)

31.6 (1/sec)

10.0 (1/sec)
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curICBY
c+aiZen® -
20+ 3Ungt
SO+ HUEHE " -
cU+dneiE -
¢0+3L0vc" -
e+ 49152°~
ci)rd€hee* -
du+anubl -
cO+3LELL -
Z0+30161"~
U+ 320E1" -
cu+seltic-
To+32L0e° -
[0+3992LL° -
10+39929° -
[0+ d95un° -
TU+45€5¢
Le+30ede -
[o+34011° -

‘U

03s/1

(Uctbldv

LU+ AL’
IR IR 2
LOrd9LiE 1"
[ RTINS
(R RS
t+3celt®
tu+r3ptll”
£0+39%01(°
du+ideot”
diedoute”
2O+ 39e9p "
d0+3osYy "
[A'REINL VR
20+3l769°
cU+3U 199"
20+3hune”*
cU+alens®
20+ 364"
20+36c5h"
eC+aleln®
cu+3LeLe”
dutddert
cl+49n 9L
20+317¢2e"
20+ 3tune”
2u+dli¢e”
co+dnvol®
cU+306ell?
0+ 3d9tinl"*
ei+dtent®
¢0+4y=2t®
cO+Heull”
10+39.56°
10+3L=de*
1u+31002°
16435765
Tu+39coy*
[0+3Ec6L "
lu+31c 0"
To+4ewel”
10+3E0n01"
00+=Tcul”
‘U
238/t

(elrot)y

10-38%01°
10-36%L1°
10-329%2°
10-3t02¢€"
10-3556€"
10-39€L%°
10-362SS°
10-36%€9°
10-32812°
10-3.208°
10-39888°
10-39%L6°
00+3€901°
00+32S11°
00+30%21°
00+362€1°
00+38I%1°
00+36051°
00+35991°
00+3%E81"*
00+3%002°
00+39122°
00+3€EH2°
00+30892°
00+3500€°
00+312L€"
00+3E919°
00+3€629°
00+3€06€"
00+31€€E"
00+32982°
00+358%2°
00+30912°
00+32561°
00+3EHLT"
00+3€T9T1"
00+3€EBYT*
00+396€1°
00+3%1EL"
00+3%521°
00+36%21°
00+38221°
00+3€221°
J3s/1

(gg*si)v

(PenuUTIUOD) XIBIN ¥V *€D 9[qe.],

20+31998°~
20+38828°~
20+38T6L" -
d0+306SL° -
20+3281L° -
20+3918%° -
20+306%9°~
2U+3L806°~
20+3G2L5°~
20+359fF¢
U+3L009
20+3L€9%° -
20+322¢€9° -
20431004
U+ 3569¢°~
20+3E0%€°~
20+3521e° ~
20+3298e° -
20+31192° -
20+35.€e° -
20+3H512°~
20+3L961°~
20+394L1
20+308G1°~
20+361%1° -
2u+3521°-
20+39611° -
20+39201°~
10+30026°~
10+31028°~
1o+3€s2L° -
10+375€9° -
10+30255° -
10+36GL%°~
10+3590%°~
10+32Z%€° -
10+36€82°~
10+3062¢°-
10+392L21°
10+3€621° -
00+3G.L€6°~
00+32%09°~

‘v

935/1

(BIsgT)V

10-35i%E°
{0~3510%"
10-3d6cee*
00+4ic01°*
00+3Znu1"
G0+ 3se02°
00+3L42°
00+3gm6t"®
00+39rGs°
00+39cuL”*
Lo+3TiTL"
[0+35.61°
10+31eee”
1o+36r 1€°
10+3uvEn*
[0+38v09°
10+36UeB"*
20+49u01°
20+3€un1”’
20+34SsvLl”
2p+3dLboe”
20+390Le"
20+391lng”
¢0+3gcin’
c0+30L05°
20+31el9”
20+360489°
20+30tyy*
20+48b1.L°
20+31LeL”
20+30cle”
20+309L9*
20+30%29°
20+3d9998°
20+3Li6%"
20+32uenh*
20+31eGE"
20+3508c°
20+3teee”
20+39091°
20+4%<01°
10+3v58%"*
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wumm\hu

tggeseHv
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*s0e
*00¢
-T2
‘061
*cgl
*osl
-TA ¢
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*991
c091
*ssi
*ost
*Snl
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°sel
*0€EL
-T2t
c0cl
*ctl
*otTt
*S0t
*00t
=1
*06
*s8
‘08
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"L
*s9
‘09
°5s
*0s
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“0v
°Se

*0g

T4
coe

‘sl

‘o1
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T TMF

o N N A S
HDNnD
s . e a & 4 & o »

N
1D U D Ut N D

~ NN
DN DU

75,
20,
85,
Q0.
g;l
100,
105,
110.
115,
120,
125,
130,
135.
140,
145,
150,
155,
160,
165,
170,
175.
180,
185,
190.
195,
200,
205.
210,

X EIRT ST
1/SEC
n

Y A LT

»

B - e
- T BAEE =T
- 3222K =00
SRS A R AN
-3 197 =-05
~ A1 3E=0n
S ELLEDE
= HPHIF =1
- G605
-~ AN4T7E-n4L
-~ 11A0F=04
-~ b E =00
~ L, 13B6F-N4
- AU NFE -1
EP RS B A AR
B N T
- 1658F =00
-~ 1 TLAF -4
- 1772F =04
- 1AP2E=NG
- 1RoPr =04
-~ LR9Y3F~=04
-.1614F=n4
= 1E20F =04
- 1037504
-, 19356-04
-, 19388 -04
-.19276=04
-.1912F~-04
-1 RGAE =114
-~ IBRTHE=D4
-~ 1HR2E-04
-, 1823E-04
-, 1 7THIAF =04
~,175)1F=Nc
- 17106~-n4
- JAGEE=N4
-~ 1A2SE~06
- 1582604
-.1539F-04
- 1498F-04

Table C3.

A(Z22e2])
1/SEC
Ol

L310NE+N
«10B55 03
S 162RE+NT
W P233E+03
e 2BTHE+03
«354RE+03
S 4249F +0 3
SHQTTE+ND
«HT719E+03
<HLTEE+N]
e 7255F 403
«BUITE+D]
«B750E+03
«9396F+03
.9980E+03
L1052 +04
«1101E+04
L1147E+04
L1130E+0¢4
«1228E+04
12638404
«1251E+04
«1312E+04
«1326FE+04
«1337E+04
«1342E+04
«1344E+04
«1341E+04
«1335E+04
«1326E+04
«1314E+04
«1301E+04
«1234FE+04
«1263F+04
«1240E+04
«1213E+04
+1185F+04
«1156E+04
«1126E+04
«1036E+04
L1057F+04
«103RE+04

A Matrix (concluded)

A(2e?3)
1/SEC
00

-,10277+01
-0??QQF‘“‘
e Y4TVE (]
~GTaRE+(]
=eH1IRNF+01]
-~ TR24F + 01}
-, 9202F +0]
-, 1 0ulF 02
e 12 78E+Q7
-, 14R2F+07
-1 7NSF+02
=~ 1G4RF+0D2
~ e PPNPE+2
- PH70F+07
“2TRAE+07
~3071K+072
=~ UDPFE+Q2
-, 3RVOE+02
- GP2ulE+D?
-~ 471BF+)2
-~ 822RF 02
- QT04LE+02
~sAR3T7RE+O2
- 7011F+02
= TANGUF 4GP
-.3301FE+072
-~ F18F + (12
«9922F+07
«1074F+03
o 1140F+03
S 1251E403
1 344F+03
144 1E+03
«157E+073
f1AWGE+DT
o1 712F+03
«1830F+(3
«19PRE+(Y
-.20?7€+03
~.2126E+0373
=27 325F+9H73
-eP?32AE+01]

]

63

;’\(?’ig?i’J)
1/SEC

n.
RRENVERRE

DRGGE 0]

ETUT G
SATART N
LA150F 0]
LTHRPAE O]
L9207 g

Jdaa2FEen?
S17058 402
L1GABREeN2
LPROPE SN
LPaI0Feng
JOTREE £
L3NTIE 0P
J342PFE N2
JIRIAE 0P
SLPLPE LD
JATISEeD2
HPPRED
HTRGE+(2
CH3TRES0D
LT0LLE+D?
JTRRGF 02
JHIIFNELOZ
L1 3SE 07
L9922F402
L10T74F 403
11608403
L1251F+03
L136aE+03
L1GLIE+D
LB3TE03
L1634F+03
C1732E+03
CIR3NE+03
L192RE+073
202764073
212654073
L PP25E4073
SP326E+03

A(24e24)
1/SEC

0o

- .27335+00
=.B779E+00
-~ RG21E+00
-.12258+01
~.1681E+01
~.1959E+01
-.23656£+01
-, 2805E+01
-.32R4E+01
~+.3R09FE+01
~.4383E+01
-.5005F£+01
-.5659E+01
~.6349E+01
'07082E*01
~.7892E+01
-.B795F£+01
-.9791E+01
-.1090E+02
~.1212E+02
-s1344E+02
~-.148B6E+02
-.1639F+02
~.1802E+02
-, 1975E+02
-.2156E£+02
~.2348E+02
-.2550E+¢02
-.2761E+02
~e2GR2F+02
-.3214E+02
-.3455E+02
-.3702E+02
-.3951E+02
-.4201E+02
- 4451E+02
- 4703E+02
- 4956402
-5210E+02
-«5464E+02
-.5719E+02
-.5977E+02

Produce

dest

Re

d f
availa blerocn;py_




10-39L€1°
10-39.€1°
10-394€1°

10-39.€1°~
10-39L€1°-

10-39L€1°

10-39L€1°~

10~
10~
10-

3%LET -
39Le1°~
39LeT”

10-39L€1°~

10-
10-
-39L€1° -

10

10-
10~
10-
0=~
10-
10~

39L€1° -
39L€1° -

ELTN B
I9LET -
I9LET -
I%LET" -
3%LETL"~
39L€1

10-392€1°~
10-392€1°~
10-392€1°-
10-39LE1°~
10-392€1°-
10-392€1° -
10-392€1°~

10-39L€1

10~-39L€T°~
10-39L€1°~
10-39.4€1°~

10-394¢1
10-39L€1
10-39.L€1
10-39L€1°~
10-392€1°-~
10-39L€1°~
10-39L€1°~
10-392€1°-
10-39L€1°~
10-39L€1°~
10-39L€1°~
10-392€1°-

(1

14/1
¢02)28

20~31€6L°
20-31€6L°
20-31€6L°
20-31€6L°
2o=-3leo6L”
20-31€6L°
20-31€6L°
20-31¢€6L°
20-31€6L"
20-31ce6L”
20~-31€6L"
20-31€6L°
20-31E6L”
20-31€6L°
20-31¢c6L”
20-3le6L”
20-31€6L°
20-31€6L°
20-31€6L"°
20=-31g6L"
20~-31€6L°
20~31E6L"
20-31€6L°
20-3Te6L”
20-31€6L"
20-31e6L°
20-3le6L°
20-31€6L°
20-31g6L”
20-3lc6L”
zo-31€6L°
20-31€6L°
20-31€6L”
20-31e6L°
20-31E6L°
20-31€6L°
20-31¢€6L"
20-31€6L°
20-31€6L°
20-31€6L"°
20-31€6L”
20-31€6L°
20-31E6L"

L/t
(1 *61)28

20-3186L°
20-31€64°
20-31€6L°
20-31€6L"
20-31ceL”
20-31€6L°
Zo-31€6L°
20-31€6L°
20-31€6L°
2o-31€6L°
20-31€6L°
20-31€6L°
20-31€6L"
20-31€6L°
z0-31€6L°
20-31c6L"
20-31€6L°
20-31€6L°
20-31€6L°
20-31€6L°
20-31€64°
20-31€6L°
20-31€6L"
20-31€6L"
20-31€6L°
20-31€6L°
20-31€6L°
20-31€6L°
20-31c6L°
20-31€6L°
20-31€64°
20-31€6L"
20-31£6L°
2o-31€6L"
20-31€6L°
20-31€6L"
20-31€6L"
20-31€6L°
20-31€64°
20-31¢6L"
20-31€6L°
20-31€6L"
20-31€6L°

14/t
(1 *8lrea

G0-3869(°-
90-38619°-

S0-38L01°
S0-36cit”
S0-3E6LS"
S0-30006°
s0-3gLel”
»0-345981°
%0-3£55¢"
v0-3L64L "
$0-35¢6%°
$0-3€999°
#0-31168°
€0~31%el°
€0-36¢91°
€0-326lc*
€0~-3906¢e°

€0~
€0~
€0~
€0~

30dBE®
35618°
36689°
EFAYEN

20~-31021°

20~
20~
20~
20-
20-
20-
10-
10~
10~
20~
20-
20~
20-
20~
v)-385G62° -
20-31902° -
20-30<0%° -
20~31%85°~
20=-3E9HL -
20-35u8u°~
10-380010°~

(1

Jolil®
3249€c”
ECTT
3gL6%°
3BLeEY”
391€8°
RSN
EFCA RN
3pw01°
30v96°
39%0v°
3elese
31e0%°
3150c*

235/1
‘sglyced

90~-300Ey "~ 90-3%€L1" S0-36LE1°~
90-36649°%- L0-3LL15%°- S0-35221°~
90=-35%E%°~ 90-30109°~ 90-38E16°~
90-321c1°*~ S0=-30941°- 90-30984° -
90-300t2"* 50-30082°~ L0-39.08°
Q0-3£599° S0~32€9%° - 90-39€82°
S0-35%21° GS0=-38EHL -~ S0-3c181°*
S0=-3Er61° %0-36111"°- S0-3621€°*
S0-3LvLe” %0-31€91° =~ S0-369.%°
S0-3€s8E"® 90-3L2€2°~ S0~3TETL”
§0-32L 48" #0-30G59¢° - %0~-32911°
qp-3¢clel” $0-36825° - $0-38L91°
#0=-38801"° %0=-30€9L°~ ®0-3ESHe*
$0=-36u51"* €0-3%911°~ 90~-3y2gt*
»0=-3[912° €0-39591°~ %0-3L£55"
%0=-39t0¢€° £€0-3L2%2°~ ©0-31628°
H0=-308%"* €0-319¢€°*~ €0-38%21°
H0=-3Lc68" t€0-36115°- €0-39Y981°
#0=-3va08 " £0-3L95.°~ £0-35182"
£0-39411° 20-3S801°- €0=-36L1%"*
£0=-3L691° 20=-31191°~ €0=-30949°
€0~31cye* 20-35.2€2°~ £€0-31986°
£0=-3LcHE" 20-359%¢° 20=-396H1"*
C0=-3%58%° 20=-3L26%° 20~-3192¢2°*
€0=-3240L" 20~-3091L°- 20-351s¢€"
£€0-3v0l6° 20-39596° 20-36918°
20-421lg1° 10-34221°*~- 20=-3E%€L"*
20=-3%cL1"* 10~-3%061°=- 10-3€201"*
20-32062°* 10-358€2° - 10-35¢81°
20=-34v92"* 10-31061°~ 10-36921°
20=-3lcl2* 10~-30€91° =~ 10-3€981°*
20=-3Lcye” 10-3€8€1°~ 10-32002°
20-30c62"* 10-39801°~- 10-382¢2°
20-3ttge” 20-38266°- 10-35012°
20=-39962° 20-322L€*~ 10-30%22°
20-3€u0E"* £€0-324501°~ 10-312€2°
20-3BylE"* 20-3¢0L€° 10-369%2°
20-3glee”* 20-3214LL° 10-35€£52°
20-399¢2¢€"* 10-32611° 10-31092°
20-3582¢€"* 10-32191° 10-3.%92°
20-3L92¢E" 10-32¢€02° 10-36592°*
20-3%c2t " 10-396%2° 10-39.92°
20-3992¢"° 10-38962° 10-3€vL2"
038/t 238/1 935/1

(1 sTl)2y (I *6 )28 (1 ¢4 )28
x1jeN g %D OlqeL

90-3911¢€°-
90-386Tc*~
L0=-3€206° -
L0=-390006°
90-31L6l"
90-38LES"
90-3165Y"
SO=-3nnele
So~-3ecLt”
S0-308€c”
SO=-32Ent
S0=-32uLn”
S0=-3E7%9°
S0~34L26°
90-3vel*
%0-3G59L1°
Y0=-32LHec®
%0=-30cvE"
v0=-3298%°
90-3L0LY°
%0-38<96°
€0-3g9¢€(°
€0-31E61°
€0-30¢tL"
€0-3Ev6E"
€0-3GUnS"°
€0-39c12°
£€0~-3vcfe"
20-35¢51"
e0-3ecHl”
20=-324%1°
20-36061°
20=-329s51°
20-3sdst°
20-31es1*
20-32991°
20-35021°
¢o-32tL1°
20~-3.521°
20-3%9L1°
20-394%.L1°
20-362L1t°
20-38v.1°

23s/1
(1 ¢ )<8

80-38816°~
80-3668."-
80-36085" -
80-35hve " -
60-39525" =
80-35952°
80-31299°
L0-32911°
L0-39691°
L0-32nE2°
10-3899¢"°
10-32805"
10-3550L°
90-36€01°
90-351v1°
¥0-36002°
90-35182"
$0-3v88¢°
90-3v555"
$0-30292"
q0-32211°
50-32651°
so-30z22*
S0-3SS1€”
S0-36€54°
S0-3€819°
Su-3£528°
#0-35L01°
#0-3€081°
#0-38L91°
#0-35891"
9U-ILELT®
»0-3L181°
70-3L591"
n0-3%9,41°
#0-36.81°
#0-3%581°
#0-3L981°
%0-38661°
%0-39€41°
»0-38LL1°
v0-32LL1°
»0-3s2.1°
Qv¥-035-14/1

(1 ¢2 )2y

L0-32bLS*
L0-31615"
L0O=-3L10n°
L0=-3vane”
80-38c2%*
L0-35t02°~
L0-3lo8S5°~
90-360L01°~
90-3Lwsl°~

90-3Llge”

90-3692E° -
90-35165°~
90-3L<0°~
G0-38721°*-
S0-300L1°-
S0-3Lm9e° -
S0-39<6E -
G0-35495°~
S0-3Fouse* -~
YO=-39t el -
$0-39981° -
v0-3lelet-
©0=-3L004° -
%0-30<09"~
%0-3eL06° -
£0-3¢621°-
€0-3gyL1°-
£€0-3tlbEe -
€0~35-1%° -
€0-39t 6L~
€0-3990% "~
€0-39vEN "~
€0-3.¢6G69° -
€0-32v49% "~
€0-30t6%" -~
€0-39025°~
€0~365954"~
€0-3[LLs -
€0-34c09°~
€0-35¢[9° -

€0-46429

€0-39vE€9° -
€0-384G9"~
n<z-omm.._.u\.m

1

‘1

)eq

*otle
*s02
*oue
*sel
*o06l
*cul
c06tl
M-TA
oLl
-2
*091
*sst
*0s1
*snl
*ovl
ceel
"ot
*eel
e
*elt
*0TIl
12!
*00l1
*Se
*0e
3
*08
*SL
*0L
*<9
*09
°5S
*0s
*Cy
‘0%
-1
*0€
14
cee
*sl
ot
°S
*0

nla
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TIME

0.
5.
10.
15,
20.
25,
30.
35.
40.
45,
50.
55.
60.
65,
70.
75,
80.
85.
90.
95.
100.
105.
110,
115.
120.
125.
130,
135.
140.
145,
150.
155.
160.
165.
170.
175.
180.
185,
190.
195.
200.
205,
210.

Table C5. B3 Matrix
B3(”1y 1) B3(22ys 1)
1/SEC 1/SEC

0. 0.

-.6879E-05 «9844E-01
-+9895E-05 «1416E+00
~-.1229€-04 «1759E+00
-.14739E-04 «2060E+00
-.1633E-04 «2337E+00
-.1815€-04 «2596E+00
-.19R6E-04 .ZBQIE"OO
-.2149€E-04 «3075E+00
-.2304E-04 «3296E+00
'024“—\16"04 03508E000
-OZSQSE-O‘. 03713E’00
-.2731E-04 «3908E+00
-.2850E~-04 «407T7E+00
-+2953E-04 «4225E+00
-03OQ3E-0‘0 04355E¢00
~.3124E-04 «44T70E+00
-+3197E-04 «4575E+00
-.3262E-04 «466B8E+00
-e3322E-04 «4TS4E+00
-.3376E~-04 «4831E+00
-.3423E-04 «4898E+00
-03‘061E‘04 .49535‘00
-.34R9E-04 +4993E+00
~-.3508E-04 +5020E+00
~.3572E-04 «5040E+00
-.3530E-04 «5050E+00
-+3531E-04 «5053E+00
-.3528€E-04 «5048E+00
-.3520E-04 «5037E+00
- .35n7E=04 «5019E+00
-e3492E-04 «4996E+00
-.3474E=04  J49T1E+00
- ¢ 3452E-04 «4939E+00
~o3424FE~-04 «4900E+00
-+3392E-04 +4BS53E+00
-+3356E-04 «4802E+00
~«3317E~04 «4T4L6E+00
-.3276E~-04 «46RTE+0D
-.3233E-04 «4626E+00
-+3190€-04 «4564E+00
"03146E"04 QQSOZE’OO
'031046-04 QQQQIE’OO
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B3(24s 2)
1/SEC

0.

«1886E-01
«2759€-01
«3442E=-01
«4227€-01
«5095€-01
«6033€-01
«8485FE-01
«1028E+00
«1225E+00
«1512E+00
«1861E+00
«2302E+00
«2858E+00
«3320E+00
«3399E+00
«3207E+00
«2733E+00
«2572E+00

«2461E+00
«2359E+00
«2245E+00
«2158E+00
«2054E+00
«1949E+00
«1914E+00
«1871E+00
«1820E+00
«1759€+00
«1687E+00
«1518E£+00
«1419€+00
«1312€+00
21196E+00
«1072E+00
«9438E-01
«6718E-01
«5289E~-01
«2355E-01



TIME

Do
10.
15.
20.
25,
30,
35.
40
4o,
50.
55.
60,
65.
70
75
80.
85
S0,
95,
100,
105.
110.
115,
120 .
125.
130,
135,
140.
la5,
150
155.
160.
165.
170,
175.
18U
185,
190.
195.
200.
205,
210,

Table C6.

Dl(i4y 1)
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L2224E+04
«2231E+04
«2224E+04
W2219E+04%
L2224E+04
W2224E+04
L2228E+04
L2243E+04
< 2246E+04
L 2255E+04
W2253E+04
J227TE+04
<22B4LE+04
.2306E+04
<2314E+04
«2312E+0%
L2310E+04
<2336E+04
.2332E+04
.2325E+404
«2319E+04
«2299E+04
«2290E+0%
«2269E+04
W2251E+04
C2225E+04
«2213E+04
L21B0E+0%
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L2118E+04
<2086E+04
<2053E+04
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«1635E+04
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L1300E+04
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-03819E“‘U5
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Table C8. H1 Matrix (concluded)

TIvE Hi{l4s24)

FT/SEC?
0 . 0 .
Se «1055E+01
10. «6887E+01

13. «1b/7uE+02
20. «218B4E+02

25 BB E+(2
30. O80T +U2
35, e fablE+02
40, «BYlBE+02

45, «100BE+03
50. «1109E+U3
55 «l1B1E+03
60. o1 181E+03
65 «1209E+03
70. «1336£+03
75. «1040£+03
80 «I171E+02
85, s 7220L4+02
90. U259t +02
95. e D550E+01
100, =e2520E+02
105. o843 +02
110 -.6393F+02
115. -.6406t+02
120, —e9320E+0<2
125, -e9603E+02
130. - I39BE+02
135. - e9040E+02
140. -.85260E+02
145, - 7944E+02
150. - falnE+02
155, ~eb8l6E+02
160. -ob363E+0<
165. ~e5907E+02
170. - 5442E+02
175. ~e5027£+02
180. -~ 4bHHHSE02
183, -,4339b+0¢
190. ~ 4y lar+02
1935 =~43700£+02
200, =o3alac+02
205. -e3140C+02
210 =42890E+02
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TRAJECTORY DATA
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APPENDIX D
TRAJECTORY DATA

The nominal trajectory is described quantitatively in Table D1.

77



~0+309€2°
60+302%2°
~0+30262°
~0+30892°
«0+30292°
«0+30022°
«0+30082°
~0+30582°
~0+30262
«~0+3000¢"°
«~0+3001¢€°
A0+3051€"°
«0+3092¢°
«0+302€€"°
«0+309€€"°
60+3086¢°
w~0+3055¢"°
~0+3059¢"°
«0+302.€°
#0+3020¢€°
60+3088¢"°
~0+30G6€"°
A0+3020%°
«0+3021%°
~0+3002%°
A~0+300€E%°
A0+30%€H°
6£0+30%9%°
A0+305G%°
~0+3065H"
~0+3099%°
~0+302L4°
A0+3IN6LH°
60+30064°
60+30164°
«0+3026%°
60+30115°
~0+30516°
«0+30026°
A0+30%€G°
60+3006G°
60+306G6G°
£0+300LS°

g7-14
AAT

80+30587°
§0+30282°
80+30062°
80+30267°
80436667
80+30967°
80+30T0F°
€0+3SH0F*
80+3590F*
80+300TF"*
RO+3ASTIF®
80+3041F*
80+3091F°
80+3081F°
80+3G6TF*
80+3022F°
80+3042¢ "
80+30,2F°
80+3582¢*
80+301EF*°
80+302€€"
80+3NSEF®
80+309€F*
80+3GREF®
80+30T4F°
80+30€HF*
80+3694€°
80+3R9HF "
80+3024¢°
80+308HF°
80+3NTSF*
80+3G16¢8°
80+3746F°
80+3G45E"°
80+3055F°
80+3G55F°
80+3086F*
80+3065F°
80+3009F°
80+3029F°
80+3529F*
80+30€0¢*
80+3099F°

A-14
xx71

10+35645°
10+36585°
10+350€9°
10439619
T0+39€FL°
10+36264°
10+31858°
10+39626°
20+38001°
20+39601°
20+368T1°
20+3c621°
20+380%1°
20+3sE£6T"
20+3€L01°
20435281
20+32661°
20+35272°
2043952
20+3R652°
20+38€R2°
20+3560€°
20+30L€E°
20+32909€°
20+3L86€°
2043225 %"
20436899
20+3,406°
20+30T4S"
20+31825°
20431579
20+39659°
20+316R9°
20+39€2L°
20+30262°
20+39564°
20+35€78°
20+306%8°
20+35868°
20+36668°
20+32R.8°
20+310108°
20+386/8°

S$339930
VWRYO

L0+3HTLT"
L0+3€2LT"
L0+3H5FRT"
L0+38681°
L0+3€961°
L0+31F02°
L0+31012°
LO+3viT12°®
LO+36%w22°
10+3.2¢€2°
LO+3ROY2"
L0+30692°
L0+3€/%2°
L0+35G692°
L0o+38F22°
L0+30282°
L0+3€062°
L0+3GR62°
L0+3890€"°
L0o+30G1€°
Lo+3€EE2E"
Lo+3sTEE"
10+386€€C"
LO+30R%E"
L0+3€96E"
L0+3GH9E"°
L0+387LE°
20+3018E"
L0+3€68EC°
20+3S/6€"
L0+38G50%°
L0+30HTH°
LO+3€E22H°
LO+3S0EY°
L0+38BEHR®
LO+30/H%°
L0+3EGGH”
LO+3GF9%H°
L0+38T.1%°
L0+3008%°
LO+IERRY®
L0+3G696%°
L0+38H0G*

81
1H9T3M

ele(] A1ojoafea ],

20+32/901°
20+32101°
10+3€L456°
10+3FH06°
10+30268°
10+30€08°
10+364HS.°
10+39R02°
10+30299°
10+32829°
10+3906S°
T10+314#5S°
10+34%616°
10+3658%°
10+3GESH"°
10+43122%°
10+3916€°
10+3029¢°
10+3€EEE"°
10+3450€°
10+3%6L2°
10+32652°
10+302€2°
10+32212°
10+36061°
10+39691°
T0+3€649T°
T0+360€1°
10+36%11°
00+3RQ66°
00+36998°
00+39.4L°
00+38T%9°
00+36L495°
00+3T149%°
00+3988€"°
00+3002€°
00+36952°
00+3£861°
00+38€HT°
10-31626°
10-3LRYy°

*ON HOVHW

10+36016° 10-30852°
10+38826° 10-30582°
L0+3ELHG" 10-32€0t°
£0+4389946° 10-324H2€°
10+3€986° 10~-389%€°
10+30.009° 10-3RT.E°
L0+3€£8209° 10-3%66€°
10+35069° 10-3%0€%°
10+39€29° 10-3949%°
10+32269° 10-31€05°
10+38221° 10-32E48°
10+32%2L° 10-3%7265°
L0+32%2!° 10-32649°
10+31Hv21° T0-32€0L°
10+31%w21° 10-3699L°
L0+36€2L° 10-3.6F8°
L0+38€2L° 10-36116°
L0+39€27° 10-32666°
L0+3€€2L° 00+39601°
L0+36221° 00+32021°
L0+3€22L° 00+30621°
10+3912¢° 00+3H2€1°
10+3502¢° 00+329%1°
10+3261L° 00+34191°
10+3%01L° 00+38€2L1°
L0+30GTL" 00+32581°
L10+32211° No+36661°
£0+3880L° nn+3.861°
L0+31601° 00+31h02°
10+3600/° 00+39L02°
L0+3¥969° 00+35.61°
10+38169° 00+302R1°
10+32289° 00+3.502°
10+3/289° 00+39602°
L0+3ERLY" no+38261°
10+32049° no+36191°
10+390.9° 00+3%621°
10+3%199° 10-36696°
£0+3L999° 00+3%9:2°
10+32299° f0-31R16°
L0+32199° 00+32661°
L0+3£099° 10-36%2¢€°
10+30099° *
a7 §33»93d
1SNHH] vHdV
*1d S19B L

10+32849G°
10+36885°
10+36€€9°
10+36289°
10+314€2°
1n+37961°
10+31298°
10+3¢€€6°
20+3€T0T7°
20+300171°
2n+3c6T1°
2n+36621°
2N+3STHT®
20+32%¢1"
20+31891°
2n+3%EgT*
2n+31002°
20+3cqr2”
20+3.8€2°
20+30192°
20+316R2°
2n+3€601€°
20+366€€°
2n+3€89¢€°
20+3500%°
20+3CHEH®
20+3€07%°
2n+39606°
20+30E6G°
20+32086°
20+30L19°
20+3%1s9°
20+32/89°
2ne3rcer”
20+3¢€€£9)°
20+32161°
20+31H2R"°
20+30948°
20+32190°
20+430698°
20+3/9.8°
20+3964R°
2n+366.9°

<3300
3001111V

G0+32601°
S0+35%01°
70+35066°
hp+36156°
H()+35606°
£0+3%658°
Ho+3€€TIR°
%0+3S519.°
vo+3612L°
%0+359.9°
%0+3€1€9°
%0+3218%"
Ye+r360HS°
70+35%08°
%0+3669%°
v0+31624°
20+30%6€°
%0+3809€°
%0+3262¢€"°
w0+3Ach62"°
%0+391.L2°
v0+356%2°
w0+3v122°
n0+I2661°
70+368.L1°
70+3L091°
50+32441°
ROREL AN
%0+30911°
70+3HE0T1°
€£0+36H16°
t0+38008°
€0+30969°
€£0+31009°
£0+3G6218°
co+3tzen"
£0+308s€"
£ 0+38882°
co+36€22°
€0+30€91°
£0+39501°
Z0+3€015°

238714
A1120734A

90+39L02°
90+3%L61"
90+30261°
90+3%981°
90+3L08T1°
g0+38HL1°
90+38891°
§0+39291°
90+3€961°
50+366%1°
G0+3%EHT"
90+369€1"°
90+320€T1°
90+39¢€2T1°
90+38911°
go+3t011"

gp+3EE0T*

G0+35596°
S0+35968°
S0+342€8°
G0+30L9.L°
S0+3820L°
G0+3E0%9°
S0+396L5°
G0+30128°
G0+3SH9H"°
S0+3501H"
co+3l65c”
S0+3501€°
S0+30592°
S0+36222°
G0+39%8T*
60+320ST°
S0+3L61T°
H0+39626°
©0+36L69°
+0+30€05°
H0+ISIHE"
H0+A64H12°
%0+3SBIT*
£0+30915°
€0+30921°
co-3dt2etr”

14
3aNLI1v

0*012
0°g02

03¢
WL

78



20+3290¢°
.20+3TEHE°
20+36£8€°
20+36826°
20431829
20+39€€G*
20+3746G*
20+37199°
20+3924,°
20+37048°
20+35£56°
£0+398071°
€0+3FH2T°
€0+36241°
€0+3R%9T"
€0+32061°
€0+39612°
£0+3T£52°
€0+3%062°
€0+301€C°
£0+3592F°
£0+30224°
€0+32285°
€0+39€4C"
£0+37€66°
€0+36229°
£0+35629°
£0+39519°
£0+3IRGEC*
£0+3RTHC"
£0+3%SR4"
€0+3%02%°
£0+36£5C°
£0+35687
£0+35627°
€0+3T527°
€0+3%2271°
20+3RK9R"
20+30246°
20+31662°
20+32921°
10+30R67°

4isd
SS3IUA NAC

20+3296%°
20+3246%°
20+3264%°
20+38GH%°
20+3009%°
20+300%%°
20+3265H°
20+380€8%°
20+36L2%°
20+3€€2%°
20+3002%°
20+3€81H*
20+3291%°
20+30G1%°
20+3€€TH"
20+380T%H*
20+3€80%°
20¢3L90%°
20+3250%°
20+3520%°
20+34500%°
20+3€86€C"*
20+3296€°
20+32%6€°
20+3626E€°
20+3006E°
20+396R8€°
20+3€8RE"
20+3148¢€°
20+38GR€"°
20+30GRE"
20+32%RE"
20+3€€BE"
20+3528€°
20+321R€°
20+340R€"
20+300R€"
20+326.€"
20+36L.€°
20+3.9.€"
20+385/€*
20+30G/€°
20+324/€°

14
937

£0+35/12°
£0+31912°
€0+38612°
£0+30512°
£0+38F12°
€0+35212°
£o+38012°
£0+39602°
£0+38802°
£0+31902°
£0+38G02°
£0+30502°
€0+38£02°
£0+36202°
€0+30702°
€0+30002°
£0+39661°
£0+38R61°
£0+3€R6T*
£0+31961°
£0+30G61°
£0+30661°
£0+38F61°
£0+36761°
€0+3%061°
€0+30061°
£0+3THAT®
£0+3ERRT"
£0+3G/81°
€0+3.981°
£0+35681°
£0+30581°
£0+32981°
£0+39%81°
£0+3€FAT"
£0+35781°
£0+3.781°
£0+38081°
£0+396L1°
£0+3T6LT"
£0+3£R21°
£0+309L1°
£0+36641°

14
b Je} 4

(pepniouod) eye(q A103odfea] "1d 91deL

%0-3%806°
€0-3000T"
©0-30006"
%0-30009°
%0-30008°
$0-30006"
%0-30006°
%0-30056°
©0-30056"
£0-30001°
€0-3T40T°
€0-39201°
€0-36201°
©0-36%96°
#0=3H%%66"°
€0-3%101°
£€0-32902°
£0-3880%°
€0-3R6HS"
€0-32129°
£0-34219°
£0-35%£9°
£0-36828°
20-39421°
20-3%291°
20-35191°
20-3T611°
20-37511°
20-3%211°
£0-39966°
20-36421°
20-30%€1°
20-395€1°
20-368€T1°
20-350%1°
20-32141°
20-35151°
20-35141°
20-3€191°
20-311%1°
20-3L0%1°
20-39041°
20-300%1°

93¢ dH3d
v371d

10-30481°-
10-30061°-
10-30261°~-
10-30%61°~
10-30661°~
10-30L67°~
10-30861°-
10-30002°~
10-30802°~
10-30612°~
10-30222°~
10~-30622°~
10-308€2°~
10-30€%2° -
10-30062°~
10-30862° -
10-302697°°-
10-30692°-
10-30€L2°~
10-30082°~
10-30w62°~
10-3000€°~
10-3080£° -
10-3081€°~
10-300€% "~
10-301%€° -
10-309%¢°~
10-3069€°~
10-3068€°~
10-3008£°~
10-3066¢"°~
10-3G62%€° =~
10-300€€°~
10-3002F°~
10-3080€° -
10-30L0€°~
10-3000€°~
10-30L67°~
10-30967°-
10-30662°~
10-30%62° -
10-30262°
10-300€2° -

930 ¥3d
8A2

10-30951°
10-30861°
10-30091°
T0-30R9T*
To-30071°
10-30621°
T0-30621°
10-30081°
10-30581°
10-30761°
10-30R61*
10=-30202°*
10-30802°
1o-3ozte*
10-30%22°
T0-30€2°
T0-306%ne"
10-30262°
10-30092°
10-302:2°
10-30602°
10-30262°
T0-30£1€°
10-30€2€°
10-30G€€"
10-3029¢€°
10-302.€"
10-3006€°
10-3051%°
10-30h0%°
10-3059€°
10-3009€°
10-3024¢°
T0-300%€°
10-3092€°
10-3002€°
T0-30R1€°
10-3051€°
10-3021¢€°
10-3001€°
10-3020€°
T0-3010%°
T0-3000t°

930 ¥3d
B8AD

20-300€F "~
20=-300%€° -
20-300¢€" -
20-305S€" -
20-3009€° -
20-3002F°~
2n=30¢€.€° -
20~3008€° -
20-3006€° -
20-3000%° -
20-3051%"° -
20-30€2%° -
2n=-30¢EH° -~
20-3009%"° -
20-30€9h " -
20~-3008%° -
20-30ceh "~
20~30506°~
20-3¢€526° -
20-30065° -
2n-300/6"~
20-30C6G" -
20-30029°-
20-300%9°-
20-3000.°-
20=-3009)°=
20-3062R"~
20-30L06°~
10-300€7° -
1n=-30601°-
20-30166° -
20-30006°-
20-3005R° -
20-30011°=~
2n-30¢cs*~
20-306%7° -
20-300%.°~
20-300€L° -
20-30¢2) -
20-3002/°-
20-3007/° -
2n=-30¢€0/.°-
20-30002°-

93C ¥3d
€70

80+3089€°~
80+3095€° -
80+300S€° -
BO+I0HHE =
650+300%€° -
80+3062€
B0+3002€° -
80+30€1€° -
H0+3050€° -
HO+30€62° -
“0+30982° -
80+30082°~
80+30%L2° -
80+30992°-
B0+306G2° -
80+30962° -
H0+30L%2°~
30+300%2" -
80+306€2° ~
50+30622° -
50+30922° -
80+30Q12°~
50+30R02°-
80+30202° -
80+30961°-
80+30881°~
§0+30%81°~
80+JORLT -
€0+302L1° -
#0+3I0ROT "~
S0+30H91° -
“0+30861° -
80+306G1° -
B0+3I0EHT "~
80+300%1°~
80+30RET" -
£0+300€1° -
BO+30H21° -
80+30121° -
80+30H11° -
60+30.01° -
80+3060T7° -
L0+300.6°-

b-14
Zx1

60+302€2°
60+30%€2°
60+302%2°
60+309%2°
60+304%82°
60+30192°
60+300.2°
60+302L2°
60+30082°
60+30062°
60+30962°
60+30%0F°
60+3021€°
60+30602¢"°
60+3082¢€°
60+308€C"
60+3055¢°
60+3025¢€°
6€0+3009€°
60+30TL€"
60+308.€°
60+30G8E "
60+30268°
60+30L6€°
60+3080%°
60+3051%°
60+3022%°
60+300€Ew°
60+308EH"®
60+302%%°
60+3018%°
60+3009%°
£0+3029%°
60+308LY®
60+3008%0°
60+40€89°
60+3096%°
60+30505°
60+30605°
A0+3061G°
60+30%25°
60+300€S°
60+3004G°

g1-14
771

23S
aWIL

79



